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CONFIDENTIAL NPG REPORT NO. 728

Recovery Firing of 5"/3775 Deformable
Projectiles with Forward Sgirts

PART A

1. Ten (A f5"/3v75 deformable projectile bodies and forward
skirts were manufactured. These bodies and forward skirts were
assembled with rear flanges and dummy nose plugs, and fired for
recovery from the 5"/54 gun with and without the miizzlt squeeze
attachment, to determine projectile performance.

2. The design of forward skirt tested did not perform satis-
factorily. The skirt functioned properly in the gun, but as
the projectile left the muzzle the skirt expanded, at times to
its original diameter, due to gas pressure.
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CONFIDENTIAL NPC REPORT NO. 728

Recovery Firing of 5"/3975 Deformable
Projectiles with Forward Skirts

PART B

INTRODUCTION

1, AUTHORITY:

This test was authorized by references (a) and (b).

2. REFERENCES:

a. BUORD ltr Re3b-PTL:mf Ser 6150 of 20 Feb 1950.
b. TelCon P. T. Lanham (Re3b BUORD) and R. B. Butler

(NAVPROV) on 20 Jul 1950.
c. BUORD Sk. 147681 Forward Skirt and Body Details for

5"/3).75 Deformable Projectile.
d. BUORD Sk. 238752 Assembly and Details (Rear Flange

Pc 6A ACME thread) of 5"/3".75 Deformable Test Slug.
BUORD Sk. 147423 Details ind Assembly 5"/3".75
Deformable Projectile Typ3 Ex 24.

3. BACKGROUND:

The Bureau of Ordnance requested, in reference (a), manu-
factAre and recovery firing of ren (10) 5"/3f75 deformable prom
jec iles with forward skirts in place of the three forward
sti s. In reference (b) permission was granted to fire two
rounds with four (4) equally spaced vent holes in the forward
skirt.

4. OBJECT OF TEST:

The object of this test was to determine the serviceability
of deformeble projectiles with a particular design of forward
skirt,

5. PERIOD OF TEST:

a. Date of Letter Authorizing Project 20 Feb 1950

b. Date Program Activities 1 Jun 1950

c. Date Last Test Conducted Prior to 10 Aue 1950
This Report

CONFI rDmai 3
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Recovery Firing of 5"/3775 Defornable
Projectiles with Forward Skirts

PAET C

ETAILs OF TEST

6, DESCRIPTION OF IT77 UNDER TEST:

The projectile bodies and forward skirts were manufactured
In accordance with Figare 26, Appendix (B). The rear flange was
in accordance with reference (d), and the nose plus was manu-
factured in accordance with Figure 28, Appendix (B). The vent
holes in the forward skirt were in accordance with Figure 25,
Appendix (B). A view of the assembled projectile is shown in
FigurG 1, Appendix (B).

The forward skirts were made of mild steel (AISI 1020
normalized).

The physical properties called for in reference (e) for
the p:'ojectile body could not be met with the steel on hand.
Appendix (E) describes the steel, method of heat treatment,
chemical analysis, and physical properties, of the material
used in manufacture of the bodies.

7. P RC "EDURE:

Ten (10) projectiles were prepared for recovery firing at
service charge. Three (3) were fired in the 5"/3775 Gun Type A
Y.od 0 without the muzzle squeeze attachment and seven (7) were
fired in the same gun with the vented squeezor. The three
projectiles fired without squeezer were fired empty and thu
seven fire4 with squeezer were loaded with Epsom salt. Pro-
jectiles of similar design when fired at high velocity into
the recovery bin had been breaking up. It was believed that
if the projectiles were salt-loaded they would withstand the
impact better.

Measurements were taken of the diameter at various points
of the body, rear flange and forward skirt, after firing, to
show the diameter after passing through squeezer with a diameter
of 3.765. Each aembled part was stenciled with a Naval Proving
Ground number to facilitate identification.

CONFIDMTIAL
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Recovery Firing of 5"/37'75 Deformable
Projectilas with Forward Skirts

-a a a a a a a a-- - - - - - - - - - - - -

Velocity copper crusher gage pressures and spin rates
(APpundix (DI) were taken. Star gauge data and transverse
strain gauge readings on the muzzle squeeze attachment were
taken and the results art, given in Appendix (C) and in
Figure 27, Appendix (B). Fourteen (14) rounds were fired
through this squeezer prior to this test.

Microflash photographs were taken of the projectiles in flight
150 feet from the muzzle and are Included in Appendix (B),
(Eigures 14 to 23 Inclusive). iPhotographs of the recovered pro-
jectiles are also included in Appendix (B, (Figures 2 to 10
laclusive). The five recovered projectiles that were tired through
tn3 squeezer were sectioned along the center line and photographed
-,,ppcndix (B), Figures 11 to 13 Inclusive) to show the conditions

of the forward skirt and rear flange.

8. RESULTS AND DISCUSSION:

Complete before and after firing data ani given in Table Iv
.ippendix (it). The results of this test indiaate that a forward
skirt of this design Is not satisfactory in that gas pressure
causbs expansion of the skirt as it leaves the muzzle. The
projectiles with vent hole , in the skirt did not show Improved
performance.

There was no evidence to indicate unsatisfactory performance
of the projectile bodies, but in two cases the rear flange waa
observed to fail. One projectile (Atppendix (B), Figure 3) tired
without muzzle squeezer broke at the rear flange thread, This
occurred after it had ente~red the; recovery bin, since the micro-
flash picture (.1ppendix (B), Figure 15) and thu yaw cards did
not iShow any sign of breakage. One projectile (Appendix (B),
Figure 5) fired with muzzle squetvzer broke into thre.. pieces,
Three round holes approximately 3-3/4 to 4-1/4 inclics in diameter
ware in coach yaw card, and the microflash picture caught a part
of the rear flange (Appendix (B). Figure 17) * This piece and
the nose plug were recovered, but the body was not recovered and
thQ cause of the failuare was not dut--nined,

The duvice of s"lt-loading the projcctilo bodies Improved
the rucoviLry procudurf- by definitely reducing the tt.ndency of
the bodies to brt~rk up in the bin,

CONYlLENTAL5
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Recovery Firing of 5"/3775 Deformable
Projectiles with Forward Skirts

PART D

CONCLUSIONS

9. .t is concluded that design of forward skirt tested did not
perfcrm satisfactorily. The skirt functioned properly in the
gun, but as the projectile left the muzzle the skirt expanded,
at times to its original diameter, due to gas pressure.

SUELITTED:_________
R. H. LYDDNE
Director of Terminal
Ballistics Research

CONCUR: Li
B. W. SARVER
Commander, USN
Terminal Ballistics Office

CONCUR: f- -' e-4 /-"
C. T. AUMD
Captain, USN
Experimental Officer

APPROVED: W. A. KITTS, 3rd
Ruar Admiral, USN
Commander, Naval :roving Ground

Im

Captain o USK
Ordnance Offi-er
i£y direction
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liP9 42198 -5"/3:'75 Deformable Projeatile, with Yorward
Skirt, before firin.
18 may 1950 lipar. 1 CCN7WFITIAL



?1P9 42199- Three views (1i00 &part) of recovered 5"/3775
Nftormable Pr'ojectile No. 428. 11red without &usic *squeeer.

I June 1950 ?ue2C"DTA
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S-19 2-200- 711ree views (1.20:, apart) of recovered 5'/13775
Defor-able Projectile No. 429. Firad without muzzle squeozar.
I JUne 195-0 F.;igure 3 CC;NF MENTI AL
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N?9 42201 - Three views (1200 apart) of reovered 5"/)775
Deformeble Projectile No. 430. Fired without muzzle squeezer.
1 June 1950 Figure 4 CONFIhENTIL
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-~P 4 2 6 ,hrea views (1200 apz~rt. cf recovered 5","V75
De:fcrmuble iProject~Iie ::c. 432. Fired with modified squeC'er.

22 we1~CFigure 6 CNFIDE,;Q;



itt

>J' 2 4>7 -vews (12(,' Dartu) of recovered5 '"

b 1 b e ljectile No. 4--. -?1r&1 mIhIodified squeezer.



NP9 42828 - Three views (1200 apart) of recovered 5"/3r'75
Detormable Projeotile No. 435. Fired with'modified squeezer.
11 August 1950 Figure a CONFIIZNTIAL



NP9 42829 - Three views (1200 apart) of recovered 5"/37'75
Deformable Projectile No. 436. Fired with modified squeezer.
10 Au~ist 1950 Figure 9 CONFIDXNTL



NP9 42830 - Three views (1200 apart) or recovered 5"/3775
Deformable Projectile No. 437. Fired with modified squeezer.
11 August 1950 Figure 10 CONMrENTIAL



NP9 42831 - View showing section (center tine) of recovered
5"/37'75 Deforuable Projectile No. 433.
22 June 1950 Fwiguare 11 CONPIhENIAL~
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,;piq 82 View showing 3ecticn (center I inp) of recc.verfbi
5"'/3775 Deformaible Projectiles Nos. 432 and 435.
11 ,ligust 1950 -Y-I,,-ure 12 O flf'IA



JJP9 42-949 -View shADvinLg zct.r'r (cener line) of reo'vered
5"/3'775 Deforznablie Projectiles Nos. 436 and 437.
11. August 1950 Figure 13 CONFIDENTI1 J4
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CONFIDENTIAL N-G PORT NO. 728

Recovery Firing of 5"/3775 Deformable
Projectiles with Forward Skirts

TABLE II

Strain Measurements
on 5"/3"75 Squeeze-Bore Gun No. 14765

22 June 1950

Strqin Gege Position Maximum Tange tial Strain

'T.stnce from Muzzle) (Micro-inch -3r Inch)

Pro.lectile No* 432 Proectile N.3

46"'5

32"5 420 475

2575 510 577

1875 916 720

1115 1030 828

6.0 1575 1200

Im -TMITME APPENDIX C
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0

Wire Impression Method of Determining Spin

Two screens are sot up 4.15 , 'eoh screen aonsisting

of a motel frame witb wood inserts, holding an array of parallel

equidistant vertical copper wires. The spacing of the wires is

1'2" for the first screen and 3/4" for the second. The projectile

.s fitted with a flat-nosed dummy nose plug or the equivalent,

so th.at after passing through&the screens it bears two sets of

Impressions of the wires. 'The angle between the two sets of

ini.r ";stors is measured and from this measurement the rifling

of tne gun, the muzzle velocity, and the velocity at the spin

screens, is computed the percentage of nominal spin. It is

assumed that over the short distances involved the spin retar-

dation is negligible.

CONFIDENTIAL APENDIX D
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Hout Treatment of Rytense AA Steel
A"or 5"/3:75 Squeezebore Projectiles

1. Tho Ryte=c "A Lr -took from which the projectile bouies
wer made was treated as follows:

1550*F 1 hours Oil quench cold
10000F 4 hours Water quench cold

2. -ollowing heat treatment both chemloal analysis and tensile
test.; weru tnken from the quarter point and the results of these
tozt. are listed below:

"2. micsl Analysis:

?Zn

.47 1.60 *020 .1! 10O

ihysical Properties:

Y.S. (.01% offset*). {iM T.S. % El. % RIA.

67,400 psi 70,700 psi 113,800 13.5 25.4
68,400 72,400 115,100 15.5 31.8

3. The fractures shown by the tensile test were considered to
bQ unusual in that the center waz fibrous and the outside was
crystalline. Figure 24 (Appendix (B)) presents these fractures.

* Approximately equal to proof stress.

I
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